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GROUND-WATER QUALITY NEAR A SCAVENGER-WASTE-DISPOSAL FACILITY 

IN MANORVILLE, SUFFOLK COUNTY, NEW YORK, 1984-85

By Michael P. Scorca 

Abstract

Sludge from sewage-treatment plants and septic tanks was 
discharged to unlined infiltration basins at a scavenger-waste- 
disposal facility in Manorville, in south-central Suffolk County, 
during 1964-82, and solid waste was accepted during 1960-72. Three 
test borings were made at the site and ground-water samples 
collected in 1984 and 1985 to examine the effects of the waste on 
local ground-water quality in the upper glacial aquifer.

The test borings reveal that 180 to 205 feet of well-sorted 
glacial outwash sediments overlie deposits of the Matawan Group and 
Magothy Formation, undifferentiated. A sandy facies of the 
Gardiners Clay may be present in the southern half of the 0.88- 
square-mile study area.

Observation wells were installed in clusters along flow lines 
hydraulically downgradient from the facility, and water samples were 
collected from 29 wells in 1984 and from 63 wells in 1985. Geochem- 
ical data indicate that a 1,300-foot-wide plume of contaminated 
water has moved 4,700 feet downgradient from the disposal site. 
Samples of plume water had higher specific conductance, lower 
dissolved-oxygen concentrations, and higher concentrations of dis 
solved solids, chloride, sodium, calcium, potassium, magnesium, and 
chlorobenzene than did samples from uncontaminated areas. The 
median background dissolved-solids concentration of 23 mg/L (milli 
grams per liter) in water from wells in areas unaffected by the 
plume is considerably lower than the median concentration of 190 
mg/L for plume water, which indicates that dissolved-solids concen 
tration and specific conductance are useful indicators of the plume's 
extent. Dissolved-iron concentrations in ground water are elevated 
for at least 1,400 feet downgradient from the site as a result 
of chemical (oxidation-reduction) alteration to the more soluble 
ferrous state. The geochemical condition of ground water near this 
facility shows general similarities and particular differences to 
previously studied landfills located in glacial outwash deposits.

INTRODUCTION

Most of the wastes generated by the domestic and industrial activities on 
Long Island are treated and disposed of at municipal facilities, where they 
may affect the quality of water in the underlying aquifer system. Ground 
water is the sole source of freshwater for Nassau and Suffolk Counties, which 
have a combined population of approximately 2.6 million. Planning for future 
development of the ground-water resource requires information on the effects 
of waste-disposal sites on ground-water quality.



Solid-wastc-disposal practices at 
affected the local ground-water quality 
1980). The movement of precipitation 
substances out of the materials and 
Similarly, the ponding of liquid sewag 
introduce dissolved contaminants to the aquif

several landfills on Long Island have
(Wexler, 1988a; Kimmel and Braids, 

through solid waste dissolves chemical 
orts them into the aquifer system. 

a in unlined infiltration basins can

A disposal facility in Manorville 
(wastes from cesspools or septic tanks 
treatment plants) for treatment and di 
wastes were accepted at the site during 
areas consisted of solid-waste landfills 
basins excavated in glacial-outwash 
aforementioned landfills are located 
permeable sand and gravel that form one

water

In 1983, the Town of Brookhaven 
the U.S. Geological Survey to examine 
disposal at the facility on ground 
project was done between October 1983 
establishing a precipitation gage and 
the observation-we 11 network 
ground-water samples during two periods

downgradient

73° 15'

srs (LeBlanc, 1984).

(fig. 1) accepted scavenger waste
and sliidge from municipal sewage-
sposal from 1964 until 1982. Solid

1960-|72. The facility's waste-disposal
and several unlined liquid-waste 

deposits (fig. 2). This facility and the 
on the gfLacial outwash deposits of

of the aquifers used for water supply.

entered into a cooperative agreement with 
and evaluate the effects of waste

in the upper glacial aquifer. The 
and September 1986 and included

grounjd-water-level recorder, expanding 
of the site, and collecting

72° 45'

LONG \

^^     ' .. SUFFOLK^ ^tftS^ 

IT ^nfcon<SS%^?^--'V% Facmw' \

Railroad Avenue Well Meld 
(Wells S32359T, S33919, S33920) 0 5 10 15 KILOMETERS

Base from U.S. Geological Survey 
State Base map, 1974,1:500,000

Figure 1. Location of 0.88-square- 
Town of Brookhaven. (Se

niie study area near Manorviiie in 
ction A-A 1 is depicted in fig. S).
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Purpose und Scope

This report describes the local h; 
upper glacial aquifer within the 0.88- 
facility and, briefly, that of the upp 
site. Data are presented in tables of 
water samples collected in August 1984 
sections, and diagrams showing concent 
constituents in the upper glacial aqui

drogeology and water quality of the 
ini2 (square-mile) area around the 
r part of the Magothy aquifer at the 
the chemical quality of the ground- 
and June 1985, and in maps, cross 
ations of selected chemical 
er in June 1985.

Location and !

The 0.88-mi2 area of study extend 
south border of the disposal facility 
surround the facility, but some reside 
woodlands consist mainly of scrub oak 
of Long Island (Krulikas, 1986). The 
stream channel (fig. 1) dissects the s 
center of the study area (fig. 2).

ite Operation

about 5,000 ft (feet) south of the 
fig. 2J. Tree nurseries and woodlands 
itial housing is fairly close by. The 
nd pins, which are typical of that part 
ry upper reach of the Terrell River 
uthward sloping land surface near the

The disposal facility first began 
landfill operations continued until 19 
facility accepted treated sludge from 
treatment plants and wastes from priva 
placed in unlined basins (fig. 2) for 
infiltration to the aquifer (Dvirka an 
1986). The facility was designed to h 
day) of liquid scavenger wastes but c 
stage of operation (Dvirka and Bartilu 
operation in 1982, operations were beg 
on the floor of each basin and transpo

The basins for liquid sewage and 
solid-waste landfill area. The western 
solid-waste landfill. The waste-dispo 
the facility's 35-acre property.

Kimmel and Braids (1980) studied 
sites on ground-water quality at two L 
hydrogeologically similar to the Manor 
on a sewage-treatment site in a simila 
Mass. The U.S. Geological Survey (Wex
Pearsall and Wexler, 1986) investigated a san
the Manorville facility and developed 
solute-transport model to predict the 
migration.

receiving solid waste in 1960, and 
2. From 1964 through 1982, the 
he Towi of Brookhaven's sewage- 
e hold .ng tanks. These wastes were 
isinfeetion, aeration, settling, and
BartiLucci, 1981; Eckhardt and Wexler, 

ndle aoout 50,000 gal/d (gallons per 
ommonly received more during its latter 

ci, 19131). After the facility ceased 
n to remove material that had settled 
t it to another landfill.

ludge
part

al areas

disposal are north and south of a 
of the facility contains a second 

covered about 80 percent of

Previous Investigations

:he effects of municipal-waste-disposal 
ng Island landfills that are 
ille a|rea, and LeBlanc (1984) reported 

r hydro;geologic setting on Cape Cod, 
Ler 198i3a, b; Wexler and Maus, 1988;

Ltary landfill about 8 mi west of
a. ground-water flow model and a 
xtent and rates of contaminant

The Geological Survey's initial 
facility measured water-table altitudes 
(Eckhardt and Wexler, 1986). A surface

investigation of the scavenger-waste
in a 36-mi2 area around the facility 

-geophysical survey (electromagnetic



terrain conductivity) was conducted as a part of a related study; results are 
given by Mack and Maus (1987). The concentrations of chemical constituents in 
one of the liquid-waste-disposal basins are given by Dvirka and Bartilucci 
(1981).
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GEOLOGIC SETTING

The scavenger-waste-disposal facility is on the glacial-outwash plain of 
Long Island, south of the Ronkonkoma terminal moraine (fig. 1). The outwash 
deposits overlie unconsolidated sediments of Cretaceous through Quaternary age 
that thicken south-southeastward along the dip of the underlying bedrock 
surface. A generalized hydrogeologic section of Long Island is shown in 
figure 3; the lithologic and water-bearing characteristics of the units are 
summarized in table 1. Further discussions of the geology of Long Island are 
given by Suter and others (1949) and Jensen and Soren (1971, 1974).

012345 KILOMETERS 
(Approximate scale)

2000
Vertical exaggeration approximately X 20

Figure S. Relative positions of major hydrogeologic units on
Long Island. (Modified from Jensen and Soren, 1974-)



Table 1. Generalized description of
Town of

Hydrogeologic units underlying tke 
Brookkdven, N. Y.

[Modified from Jensen and Soren, 1971, table 1]
Hydrogeologic 

unit

Upper glacial 
aquifer

Geologic 
unit

Upper Pleistocene I* 
deposits

ainly t 
deposd
r'onHur

Description and 
water-bearing character

rown and gray sand and gravel 
its moderate to high hydraulic
t"-ixr-it"v« mflv a1cr>  irn-'liirlo Hor»r>c -T t- c

Gardiners 
Clay

Monmouth 
greensand

Gardiners 
Clay

Monmouth Group, 
undifferentiated

Magothy 
aquifer

Matawan Group and 
Magothy Formation, 
undifferentiated

Raritan 
clay

Lloyd 
aquifer

Bedrock

Unnamed clay member 
of the Raritan 
Formation

Lloyd Sand Member 
of the Raritan 
Formation

Undifferentiated 
crystalline 
rocks

of clayey till and lacustrine clay of 
low hydraulic conductivity. A major 
aquifer.

Green and gray clay, silt, clayey and 
silty sand, and some interbedded clayey 
and sllty gravel. Unit has low 
hydraulic conductivity and tends to 
confine water in underlying aquifer.

Interbecded marine deposits of dark gray,
olive-

clay,

green, dark greenish-gray, and
greenish-black glauconitic and lignitic

silt, and clayey and silty sand.
Unit Has low hydraulic conductivity and 
tends to confine water in underlying 
aquifer. Northern limit of this 
format.ion may lie slightly south of the 
study area.

C^ray anc white fine to coarse sand of 
moderate hydraulic conductivity. Gen 
erally contains sand and gravel beds of 
low to high hydraulic conductivity in 
basal 100 to 200 ft. Contains much 
interstitial clay and silt and beds and 
lenses of clay of low hydraulic 
conductivity. A major aquifer, 
although undeveloped in study area.

Crray, bi.ack, and multicolored clay and 
some silt and fine sand. Unit has low 
hydraulic conductivity and tends to 
confine water in underlying aquifer.

Vfhite and gray fine-to-coarse sand and 
gravel of moderate hydraulic conductiv 
ity arid some clayey beds of low hydrau 
lic conductivity. Not developed as a 
soured of water in study area.

Mainly metamorphic rocks of low hydraulic 
conductivity; surface generally weath 
ered; considered to be the bottom of 
the ground-water reservoir.__________



Additional geologic investigations within the Town of Brookhaven were 
conducted by deLaguna (1963), Wexler (1988a), and Koszalka (1984).

The U.S. Geological Survey drilled three test borings in the study area 
(fig. 2) in October 1984 and March 1985 by the mud-rotary method and used 
geologic cores and gamma-ray logs to distinguish the sedimentary units. A 
north-south geologic section through the study area, drawn from data from the 
test borings and from gamma-ray logs of monitoring-we11 borings, is shown in 
figure 4.

B
NORTH

FEET £
<P A 

100-.

50-

SEA 
LEVEL

Waste-disposal area 
(topography not to scale)

Vertical exaggeration approximately X 10
EXPLANATION

WELL BORING AND TRACE OF 
GEOPHYSICAL (GAMMA-RAY) 
LOG Well locations and cluster 
letters are shown in figure 2. 
Arrows point to lenses of silty 
sand with some clay

APPROXIMATE POSITION OF CONTACT 
BETWEEN GEOLOGIC UNITS

Figure 4-  Geologic units and gamma-ray Logs from we Li borings along geologic 
section B-B* . (Line of section is shown on fig. 2.)

Pleistocene Sediments

Glacial-Outwash, Deposits

The stratified glacial-outwash deposits at the three test borings around 
the waste-disposal site are 180 to 205 ft thick. The outwash unit contains 
three divisions, as indicated by lithology and grain-size distribution.

The basal part of the outwash is well-sorted, light-brown, fine to medium 
quartz sand that ranges in thickness from about 50 ft at well S77638 near the



south end of section B-B f to 65 ft at 
B-B f . Grains of glauconite are scatte 
of this zone at well S77638 is noticeably 
amounts of interstitial green clay, 
sandy facies of the Gardiners Clay or, 
Gardiners Clay eroded from deposits no

well S77637 at the north end of section 
ed throughout this sand, but the bottom

greener because it contains minor 
This layer may represent a transitional 

more likely, a deposit of reworked 
th of the study area.

Above the basal sand unit lies a 
sand ranging from 4 ft thick at well S 
S77638. It is distinguished on geophy; 
(fig. 4). This fine-grained layer may 
lake or during a short-term rise in se 
This layer may correlate with the "20- 
1983) because it separates the basal, 
coarser grained outwash. The gamma- 
about 400 ft south of the site border, 
the area just downgradient of the faci

feldspar, and rock fragments. These deposits

discontinuous layer of silty and clayey 
9231 to about 13 ft thick at well 
ical !<|>gs by higher gamma radiation 
have been deposited in a proglacial
level during an interglacial period, 

oot" clay (Doriski and Wilde-Katz, 
iner grained outwash from the upper, 

radiation log of monitoring well S79111, 
indicates this layer to be absent in 
ity.

The uppermost 116 to 140 ft of sediment :.s glacial outwash associated 
with the latest stage of Wisconsin glaciation, This division contains 
well-sorted brown and tan, fine to coarse sand and gravel with little clay or 
silt. Thin, discontinuous layers of mr.caceoust sediments or silt and clay are 
indicated by gamma-radiation logs. Th«s most common constituents are quartz,

are believed to have been laid
down by sediment-laden streams of glacial melt^waters from the ice sheet 
(Koszalka, 1984).

Gardiners Clay

(Sute
be a

r and 
to

The Gardiners Clay is believed to 
period of temporary glacial retreat 
10 to 20 ft thick and ranges from siltj 
contains discontinuous sand beds. The 
Gardiners during deposition, together xsrith subsequent 
resulted in an irregular surface and partial 
northern extent.

The Gardiners Clay was found only 
central borings but not in the northern 
consists of green, clayey sand with qu 
a layer of partly cemented gravel that 
Magothy Formation, undifferentiated. 
not detectable on gamma-ray logs. Theste 
thick and apparently pinch out just no 
within the Gardiners Clay in the study 
the shore than were the more clayey la} 
(Doriski and Wilde-Katz, 1983).

The Matawan Group and Magothy Foniation 
sedimentary deposits from a river delt 
result of its manner of deposition, th

marine

sandy 
southward

deposit laid down during a 
others, 1949). It is typically 
with glauconite. It locally 
slope of the base of the 

erosional processes, 
removal of this unit at its

in wash samples in the south and
boring. The unit in the study area 
rtz and glauconite grains. It overlies 
rests upon the Matawan Group and 
he clay layer and the gravel layer were

layers combined are less than 5 ft 
th of boring S79231. The sand layers 
area were probably deposited nearer to 
rers commonly found at other sites

Cretaceous; Sediments

, undifferentiated, contains 
system of Late Cretaceous age. As a 
composition and texture of sediments



vary laterally and vertically, with lenticular clay and sandy clay layers 
interbedded with fine to medium lignitic quartz sand. This unit is estimated 
to be more than 900 ft thick in the study area (Jensen and Soren, 1974).

The three test borings drilled in this study penetrated the upper part of 
the unit. Sand layers of this unit consist of gray, fine to medium quartz 
sand with some interstitial silt and clay and some laminated clay beds. 
Lignite, locally associated with pyrite and marcasite, also is common. Black 
and gray sandy clay beds locally are present between sand layers.

Before the test-boring program, few test holes had been drilled into this 
unit in this part of Suffolk County, and little information was available 
about the altitude of the contact between the Matawan Group and Magothy 
Formation and overlying post-Cretaceous deposits. The altitude of the upper 
surface varies throughout Long Island because the depositional surface was 
irregular and was further altered later on by stream-channel formation during 
post-Cretaceous erosion. The contact between Pleistocene and Cretaceous units 
in the study area ranges between 125 and 160 ft below sea level (fig. 4).

Above the Matawan Group and Magothy Formation is a zone of post- 
Cretaceous stream-reworked sediment, especially in boring S77637, at the north 
end of the facility. Geologic samples contain orange-stained quartz grains 
with a few grains of glauconite and some lignite. A similar zone may exist in 
S32359, the test boring at the Railroad Avenue well field (fig. 1), about 1 mi 
southwest of the site.

The Monmouth Group, which overlies the Matawan Group-Magothy Formation 
along parts of southern Long Island, consists of marine silty sand and clay. 
It was not detected in the three test borings; thus, its northern extent in 
the study area is unknown.

HYDROLOGY

Water supplies for Suffolk County are obtained from the upper glacial, 
Magothy, and Lloyd aquifers. The hydrology of Long Island's aquifer system is 
described by McClymonds and Franke (1972) and Cohen and others (1968). Warren 
and others (1968) described the hydrology (precipitation, evapotranspiration, 
and recharge) of the Brookhaven area. Hydrologic characteristics of the upper 
glacial aquifer in the Manorville area are given in a report by Eckhardt and 
Wexler (1986), which includes a water-table map. The following sections 
describe the hydrogeology of the upper glacial aquifer and the upper part of 
the Magothy aquifer in the 0.88-mi2 study area as indicated by test drilling 
done for this study.

Upper Glacial Aquifer

The water table in the study area is in the upper glacial aquifer, which 
has a saturated thickness of 140 to 170 ft. A map showing the water-table 
altitude in November 1983 (fig. 5) indicates the direction of ground-water 
flow to be south-southeastward. Thickness of the unsaturated zone in the 
study area ranges from about 55 ft in the north to about 14 ft in the



nonflowing part of the stream channel
start of flow in the Terrell River
of the disposal facility's southern bo

of the Terrell River (fig. 1). The 
channel was about 8,000 ft (1.5 mi) south 

der in April 1983.

0 100 200' 300 METEflS

EXPLANATION

_ 24    LINE OF EQUAL WATER- 
TABLE ALTITUDE-- 
Contour interval is 1 
foot. Arrows indicate 
direction of ground- 
water flow

H WATER-LEVEL
RECORDER-Installed on 
well S31462 at cluster B

75     TOPOGRAPHIC CONTOUR 
LINES Contour interval 
10 feet. Dashed lines 
represent 5-foot 
intervals. Datum is sea 
level

Base from U.S. Geological Survey 
Moriches, 1967, 1:24,000

Figure 5. Water-table aitituo,e 
from Eckhardt and

in November 198S. 
Wexler, 1986.)

(Modified

10



Ground-Water Movement

The horizontal hydraulic conductivity of the upper glacial aquifer in the 
study area has been estimated to be between 220 and 430 ft/d (feet per day) 
(Eckhardt and Wexler, 1986). A ground-water flow model of a 26-mi2 area 
centered 9 mi west of the Manorville disposal facility indicated that the 
average hydraulic conductivity is 200 ft/d (Wexler and Maus, 1988). Eckhardt 
and Wexler (1986), using specific-capacity data from supply wells in the upper 
glacial aquifer, estimated a maximum horizontal hydraulic conductivity of 430 
ft/d and calculated the average horizontal ground-water velocity to range from 
1.0 to 1.7 ft/d. McClymonds and Franke (1972) calculated the average 
hydraulic conductivity of the upper glacial aquifer in south-central Suffolk 
County to be 254 ft/d.

The anisotropy (ratio of horizontal to vertical hydraulic conductivity) 
of the upper glacial aquifer averages about 10:1 (Reilly and others, 1983). 
Eckhardt and Wexler (1986) used vertical gradients measured during November 
1983 with estimates of vertical hydraulic conductivity to obtain an average 
vertical ground-water velocity of 0.02 ft/d.

Disposal operations at the facility altered the natural recharge 
conditions. Liquid scavenger wastes applied to the basins infiltrated almost 
continuously during operations, which caused near-saturated conditions beneath 
the basins. The nearly continuous percolation of liquid waste caused a 
mounding of the water table beneath the basins that increased the downward 
ground-water flow gradient and allowed the fluid to move deeper into the 
aquifer system than it would have under natural conditions.

Recharge and Water-Table Fluctuations

Precipitation is the only natural source of freshwater recharge to Long 
Island's ground-water system. Warren and others (1968) indicate that 50 
percent of the average annual precipitation (45 inches) reaches the ground- 
water system; the rest is lost by evapotranspiration and, to a lesser degree, 
as direct runoff to streams. Recharge occurs primarily during the nongrowing 
season, from October to May. The amount of recharge is influenced by the 
frequency and amount of precipitation, evapotranspiration rate during the 
growing season, and the soil-moisture deficit in the unsaturated zone at the 
time of precipitation.

The study area receives recharge from two sources--subsurface inflow 
along the north and west boundaries of the area and precipitation at land 
surface. The direction of ground-water flow is south-southeastward through 
the study area to the south shore of Long Island, where it discharges at 
points near East Moriches and beneath Moriches Bay (Eckhardt and Wexler, 1986).

The U.S. Geological Survey established a precipitation gage on the west 
side of the disposal facility in 1983 and installed a water-level recorder at 
the same time on well S31462 at the southeast corner of the facility 
(locations shown in fig. 5) to evaluate the effects of natural recharge on the 
water table. In addition, the Survey measured water levels quarterly at 
several well sites in the Town of Brookhaven, including the Railroad Avenue 
well field, about 1 mi southwest of the site (fig. 1). One well at this site
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(S33919) is screened in the upper glacial aquifer, and another in the Magothy 
aquifer (S33920). Hydrographs showing water-level fluctuations at these two
wells and at the recorder well (S31462)
shown in figure 6 with the monthly rainfall recorded at the precipitation gage,

rainfall

A period of high precipitation from October 
nearly record-high water levels in much 
by a period of below-normal monthly 
The hydrographs show that water levels 
period and continued to decline, but at 
even though monthly precipitation was

29

27

£- 25
h- UJ

go

2 ooc 
CJ
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O

Q. 

O

21

17

10

8

6

4

2

0

from October 1983 through May 1986 are

declined
a 

close to

1983 to July 1984 produced 
of Suffolk County. This was followed 

from August 1984 to April 1985.
about 4.5 ft during this 

slower rate, for the next 10 months, 
normal.

S31462 (Continuous recorder; 
Upper glacial aquifer)

S33920 (Quarterly measurements 
Magothy aquifer)

ON D J F MAM J J AS ON D|J 
1983 1984

Figure 6. Water levels in three wells near

|JF MAMJ JASOND
1985

.EL
JFMAMJJAS 

1986

disposal site and monthly
precipitation, October 1988 through September 1986. (Precip-
ipitation-gage and well locations are shown in figs. 1 and 5.)

Gardiners Clay

The Gardiners Clay is a confining 
Long Island. Hydraulic conductivity of 
has been estimated to be 0.01 ft/d hori 
(Franke and Cohen, 1972).

unit along parts of the south shore of
the clay in areas in which it occurs 
zontally and 0.001 ft/d vertically

The Gardiners Clay is absent in th 
sandy and only a few feet thick in the 
Although hydraulic conductivity was not 
that it may be ineffective as a 
the Gardiners Clay directly beneath the
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connection between the upper glacial and Magothy aquifers and a potential for 
the downward movement of leachate from the disposal facility into the Magothy 
aquifer.

Magothy Aquifer

The sediments of the Matawan Group and Magothy Formation, undifferenti- 
ated, make up the Magothy aquifer (table 1). The deposits are of varying 
composition, thickness, and extent, which makes estimation of average 
hydraulic conductivity difficult. Layers of silty fine sand and lenses of 
clay are more prevalent in the Magothy aquifer than in the upper glacial 
aquifer and thus restrict ground-water flow to a greater extent. Average 
horizontal and vertical hydraulic conductivities of the Magothy aquifer in 
this part of Long Island have been estimated to be about 48 ft/d (McClymonds 
and Franke, 1972) and 1.4 ft/d (Franke and Cohen, 1972), respectively. Sandy 
parts of the Magothy aquifer have higher hydraulic conductivity and higher 
flow rates than the estimated average values, however.

Ground-water levels in the upper glacial and Magothy aquifers are 
presented in figure 6. The difference between water levels in the two 
aquifers at the well cluster (S33919 and S33920) at the Railroad Avenue well 
field was larger (0.6 ft) during the summer of 1984, a period of high water 
levels, than in late 1985 (0.2 ft), a period of low water levels. The greater 
vertical hydraulic gradient during the rainy period indicates that (1) 
recharge to deeper sections of the aquifer system varies with precipitation 
and climatic conditions, and (2) above-average precipitation, which causes 
high water levels in the upper glacial aquifer, is not immediately transmitted 
to the Magothy aquifer but is slightly retarded by the lower hydraulic 
conductivity of the Magothy aquifer and its local confining clay beds.

Although clay beds in the Magothy aquifer can act as confining layers, 
they are not extensive beneath the disposal facility. Thus, the absence of the 
Gardiners Clay and extensive Magothy clay layers (fig. 4) beneath the facility 
allows a hydraulic connection between the upper glacial and Magothy aquifers. 
This, in addition to the water-table mounding that developed during disposal 
operations, resulted in contamination of the upper part of the Magothy aquifer 
(discussed later on). The lower hydraulic conductivity of Magothy sediments 
than of upper glacial sediments in this area probably would make solute 
transport slower than in upper glacial deposits, however.

GROUND-WATER QUALITY 

Methods of Investigation

A network of 66 water-quality-monitoring wells, including 18 steel-cased 
wells from a previous network used by Eckhardt and Wexler (1986) was 
established in stages in the area of the disposal facility. In March 1984, 12 
2-inch-diameter monitoring wells were installed by a hollow-stem auger drill 
rig, and in March 1985, 31 additional 2-inch-diameter monitoring wells were 
installed. One well screened in the Magothy aquifer was installed in each of 
the three geologic test borings. Two additional wells screened in the upper 
glacial aquifer were installed in test boring S79231. Wells installed during
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these phases of the project were constructed of solvent-welded PVC (polyvinyl 
chloride) casing. Locations of wells 4re shown in figure 7; physical 
descriptions of wells used in the study are given in table 2.

Waste-disposal facility '

\

Settling basins /

Treatment basins

73816 ' 79t08
73817 / 79109-, 
73818' 791 10\

76406
76407
7.6408
76411

73794 76402 
791?2 ^403 
79113^6404
79114

Base from U.S. Geological Survey 
Moriches, 1967, 1:24,000

73797
76490
76410

EXPLANATION

MONITORING WELL-- 
Numbers are assigned 
by New York State 
Department of Environ 
mental Conservation. 
Prefix S (Suffolk) is 
omitted. Well clusters 
are labeled by letters. 
Wells at each site are 
listed in order of 
increasing depth

    »C' LINE OF WATER- 

SAMPLING SECTION- 
C-C' is shown in figure 
11; D-D' in figure 12

75'   TOPOGRAPHIC CONTOUR 
LINES Contour interval 
10 feet. Dashed lines 
represent 5-foot 
intervals. Datum is sea 
level

Figure 7. Observation we Li network and locations of sections C-C* and D-D*.



Table S. Physical description of wells used in the study. 

[Locations are shown in figs. 5 and 7. Ft, feet; in., inches]

Well 
numbe r

S 31461
S 314623
S 73790
S 73791
S 73792
S 73793
S 737%
S 73795
S 73796
S 73797

S 73799
S 73801
S 73811
S 73813
S 73814
S 73815
S 73816
S 73817
S 73818
S 76402

S 76403
S 76404
S 76405
S 76406
S 76407
S 76408
S 76409
S 76410
S 76411
S 76412

S 76413
S 77637
S 77638
S 79107
S 79108
S 79109
S 79110
S 79111
S 79112
S 79113

S 79114
S 79115
S 79116
S 79117
S 79118
S 79119
S 79120
S 79121
S 79122
S 79123

S 79124
S 79125
S 79126
S 79127
S 79128
S 79129
S 79130
S 79131
S 79132
S 79231b

S 79232
S 79233
S 79234
S 79235
S 79236
S 937 99b
S 93»00b

Latitude

404956
405000
405007
404957
404959
405000
404945
404946
404947
404949

404956
404929
405014
404956
404956
404956
404955
404955
404955
404946

404946
404946
404946
404947
404947
404947
404949
404949
404947
404937

404937
405014
404928
404955
404955
404955
404955
404955
404945
404945

404945
404936
404936
404936
404936
404936
404937
404937
404937
404929

404929
404929
404929
404929
404930
404930
404930
404930
404930
404946

404915
404915
404915
404915
404915
404946
404946

Longitude

724642
724643
724648
724655
724651
724643
724652
724644
724639
724635

724642
724622
724657
724645
724645
724645
724652
724652
724652
724644

724644
724644
724644
724639
724639
724639
724635
724635
724639
724636

724636
724657
724621
724648
724648
724648
724648
724648
724652
724652

724652
724640
724640
724640
724640
724640
724636
724636
724636
724637

724637
724637
724637
724637
724633
724633
724633
724633
724633
724644

724631
724631
724631
724631
724631
724644
724644

Aquifer

Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial

Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial

Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial

Glacial
Magothy
Magothy
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial

Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial

Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Magothy

Glacial
Glacial
Glacial
Glacial
Glacial
Glacial
Glacial

Total 
depth 
(ft)

68
73
61
61
61
56
73
47
55
57

101
50
85
88
68
53
70
90

110
68

88
108
137
78
98

117
99

123
146
78

118
263
240
64
84

104
121
142
103
123

144
62
82

102
124
142
62
102
142
64

84
105
121
140
66
84

105
125
145
256

65
85

106
125
145
183
159

Depth to 
screen (ft)
Top

62
67
58
58
58
53
70
44
52
54

98
47
80
83
63
48
65
85
105
64

84
104
133
74
94

113
95

119
142
74

114
258
231
60
80

100
117
138
98

118

139
58
77
98

120
138
58
98

138
60

80
101
117
136
62
80

101
121
141
243

60
80

101
120
140
175
151

Bottom

68
73
61
61
61
56
73
47
55
57

101
50
85
88
68
53
70
90

110
68

88
108
137
78
98

117
99

123
146
78

118
263
236
64
84

104
121
142
103
123

144
62
82
102
124
142
62
102
142
64

84
105
121
140
66
84

105
125
145
253

65
85
106
125
145
180
156

Screen Cluster 
length desig- 
(ft) nation

6
6
3
3
3
3
3
3
3
3

3
3
5
5
5
5
5
5
5
4

4
4
4
4
4
4
4
4
4
4

4
5
5
4
4
4
4
4
5
5

5
4
5
4
4
4
4
4
4
4

4
4
4
4
4
4
4
4
4

10

5
5
5
5
5
5
5

F
B

B
G
H
I
J

F

A
E
E
E
C
C
C
H

H
H
H
I
I
I
J
J
I
L

L
A

D
D
D
D
D
G
C

C
K
K
K
K
K
L
L
L
M

M
M
M
M
N
N
N
N
N
H

0
0
0
0
0
H
H

Casing 
material

Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel

Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel
PVC

PVC
PVC
PVC
PVC
PVC
PVC
PVC
PVC
PVC
PVC

PVC
PVC
PVC
PVC
PVC
PVC
PVC
PVC
PVC
PVC

PVC
PVC
PVC
PVC
PVC
PVC
PVC
PVC
PVC
PVC

PVC
PVC
PVC
PVC
PVC
PVC
PVC
PVC
PVC
PVC

PVC
PVC
PVC
PVC
PVC
PVC
PVC

Diameter 
(in.)

4
4
2
2
2
2
2
2
2
2

2
2
4
4
4
4
4
4
4
2

2
2
2
2
2
2
2
2
2
2

2
4
4
2
2
2
2
2
2
2

2
2
2
2
2
2
2
2
2
2

2
2
2
2
2
2
2
2
2
2

2
2
2
2
2
2
2

8 Water-level recorder installed, well not sampled. 
b Installed in borehole S79231 at cluster H.
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Well locations were selected according to the direction of ground-water 
flow as determined from the November 19$3 water-table map (Eckhardt and 
Wexler, 1986) and an electromagnetic terrain conductivity survey (Mack and 
Maus, 1987). Wells were installed along flow lines leading downgradient from 
the disposal facility. A centrally located flow line extending 1 
downgradient from the site (C-C f , fig.
water-quality monitoring. Wells were drilled :Ln clusters at selected 
locations and screened at differing depths to provide information on vertical 
variability of water quality in the upper glacial aquifer.

and June 1985; results of laboratory and field
Ground-water samples were collected from monitoring wells in August 1984

analyses are given in appendix
1 (at end of report). In August 1984, 29 wells were sampled (appendix 1A), 
and in June 1985, 63 wells were sampled] including a resampling of 26 of the 
wells sampled in 1984 (appendix IB). A minimum of three casing volumes were 
evacuated from each well by submersible pump to obtain representative
ground-water samples. Temperature, pH,
dissolved-oxygen concentration of each sample were recorded at the well site. 
Samples for dissolved-constituent analysis were filtered in the field through 
0.45-/Z or 0.65-/Z cellulose filters and shipped to the laboratory that had been
contracted by the Town of Brookhaven (New York
Westbury, N.Y.). The analyses included
solids, total alkalinity, bicarbonate, chloride, sulfate, ammonium, nitrate, 
nitrite, total Kjeldahl nitrogen, calcium, iron, lead, magnesium, manganese, 
potassium, selenium, and sodium. Six duplicate samples in 1984 and 12 in 1985
were sent to the U.S. Geological Survey
Doraville, Ga. for inorganic analysis for qual:.ty-assurance purposes. The 
U.S. Geological Survey National Water Quality laboratory and New York Testing 
Laboratories participate in the Standard Reference Water Sample Program, a 
quality-assurance program administered 1>y the U.S. Geological Survey.

The 1985 sampling included analyses! for priority pollutant2 organic 
chemical compounds (appendix 2) by the U.S. Geological Survey National Water 
Quality Laboratory in Doraville, Ga. Samples from 20 wells along the central 
flowline (C-C f ) were tested for volatile organic compounds, and six were 
tested for acid- and base/neutral-extractable organic compounds and for 
polychlorinated biphenyls (PCBs). Results for volatile organic compounds and 
base/neutral-extractable compounds that were found to be above the detection 
limit in one or more wells are given in appendix 3.

specific conductance, and

pH, specific conductance, dissolved
Testing Laboratories1 of

National Water Quality Laboratory in

Background Water Quality

Eight wells outside the leachate 
gather information on background levels 
the Magothy aquifer and two wells in the 
upgradient from the site were sampled.

plumi

1 Use of firm name in this report is for 
not constitute endorsement by the U.S.

2 Priority pollutants are constituents 
Agency list of 129 priority pollutants
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ie in the study area were sampled to 
of cheijiical constituents. One well in
upper glacial aquifer hydraulically 
A cluster of three wells in the upper

identification purposes only and does 
Geological Survey.

isted :.n the Environmental Protection 
(Keith and Telliard, 1979, p. 418.)



glacial aquifer, one additional well in the upper glacial aquifer, and one 
well in the Magothy aquifer east of the plume were also sampled. Water- 
quality data from 1973-84 from an additional nearby well in the upper glacial 
aquifer were obtained from the Suffolk County Department of Health Services.

The inorganic chemical quality of water from background wells that tap 
the upper glacial aquifer near the site is summarized in table 3. This table 
shows the median, minimum, and maximum concentrations of 16 constituents and 
specific conductance, and the number of samples analyzed for each.

The sources of chemical constituents in native ground water are discussed 
by Franke and McClymonds (1972), deLaguna (1964), and Wexler (1988a). 
Generally, the quality of water from background wells in the study area is 
similar to that of ground water in relatively undeveloped parts of Long 
Island. Synthetic organic chemical compounds were not detected at background 
wells.

Table S. Chemical quality of samples from wells that represent background
water quality.

_____________ [Dashes indicate no data available.]________________

Constituent

Upper glacial aquifer at Manorville 
_____waste-disposal facility_____

Number of 
Median Minimum Maximum samples

Uncontaminated
Long Island 
ground water1

Oxygen, dissolved (mg/L)
Specific conductance

(/iS/cm)
Dissolved solids (mg/L)
Alkalinity, lab

(mg/L as CaCOa )
Sulfate, dissolved

(mg/L as S04 )
Chloride, dissolved

(mg/L as Cl)
Iron, dissolved

(/Jg/L as Fe)
Manganese, dissolved

(/Jg/L as Mn)
Calcium, dissolved

(mg/L as Ca)
Magnesium, dissolved

(mg/L as Mg)
Potassium, dissolved

(mg/L as K)
Sodium, dissolved

(mg/L as Na)
Selenium, dissolved

(/*g/L as Se)
Ammonia (mg/L as N)
Nitrate (mg/L as N)
Nitrite (mg/L as N)
Total Kjeldahl nitrogen

(mg/L as N)

11.2 9.7
46 35

23 17
17.5 10

2 4,7 2

7 4

2 121 <20

2 17 <10

1.07 0.25

1.3 0.58

0.5 0.3

4.1 3.7

<1 <1

2 0.026 0.020
2 0.041 0.020
<0.010 <0.010
2 0.06 0.03

12.2
302

120
300

18

70

830

62

8.7

3.9

2.0

40

4

1.51
4.16
0.030

29

15
17

8
8

17

17

9

9

10

10

16

16

9

9
10
9
9

_ _

50

36
9

8

5

200

 

2

1.5

0.6

4

 

--
0.5
 
 

1 Values from deLaguna, 1964.
8 Median values calculated by method described by Helsel and Cohn (1988)
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DeLaguna (1964) presented chemical 
inated ground water in central Suffolk 
in table 3, are close to the median 
sured in the background ground water 
1985 samples of ambient ground water in 
conductance of 46 fiSfcm (microsiemens 
few exceeded 100 /{S/cm. DeLaguna found 
be 50 /jS/cm. Of the 11 constituents 
chloride) exceeded the concentrations 
compared to 4 mg/L) and chloride (7 
higher, but alkalinity (17.5 mg/L to 9

data from typical samples of uncontam- 
County. These values, also presented

of the constituents mea- 
the disposal facility. The 1984 and 

the study area had a median specific 
centimeter at 25 Celsius); only a 

the typical specific conductance to
, only three (sodium, alkalinity, 

given by deLaguna. Sodium (4.1 mg/L
compared to 5 mg/L) were only slightly 

mg/L) was nearly twice as high.

concentrations
near

per

compared.

mg/L

Stiff diagrams, which present concentrations of five major cations and 
four major anions (Stiff, 1951) of background samples from the study area, are
shown in figure 8. Stiff diagrams are used to compare inorganic chemical
ratios and patterns among samples and to detect local differences or temporal
changes in water quality. The diagrams 
of chemical constituents (less than 0.5

indicate generally low concentrations
meq/L, milliequivalents per liter) in

background wells in the study area, although some variation is evident, with a 
few unusually high values.

The anomalous pattern for well S73801, wh.ich is south of Sunrise Highway 
on Chapman Boulevard, reflects substantially higher levels of sodium, calcium, 
potassium, and chloride than at other background wells. The well is screened 
about 6 ft below the water table, and tjhe ion concentrations of this sample 
probably reflect winter salting of roads, as s.Iso found by Wexler (1988a) at 
the Brookhaven landfill site.

Stiff diagrams (fig. 8) for wells S77637 
deep) show that background water quality 
that in the upper glacial aquifer, 
these two wells (appendix IB, at end of 
median values of constituents in the 
that sulfate, iron, specific conductance 
values are higher, and nitrate and

(263 ft deep) and S77638 (240 ft 
in the Magothy aquifer is similar to 

Concent rat. ions of mostr constituents at 
report) are generally close to the

glacial aquifer (table 3), except 
ammonium, and total Kjeldahl nitrogen 

Oxygen values are lower.

up'per

dissolved

Effects of Waste Disposal on Ground-Water Quality

The concentrations of inorganic 
scavenger wastes that were discharged 
in a study by Dvirka and Bartilucci ( 
given in table 4. The wastes were 
total and dissolved solids and the 
constituents, including calcium, 
metals, and some synthetic organic 
(1981) noted that industrial wastes, 
waste and county sewage sludge, also 
times, as indicated by the presence of 
chemical compounds.

and organic chemicals in the liquid
basins at the facility were analyzed 

; a partial listing of results is
by elevated concentrations of 

of a variety of chemical 
, sodium, iron, nitrogen, some heavy
compounds. Dvirka and Bartilucci 

addition to cesspool and septic tank
have been disposed of at the site at 

heavy metals and certain organic

to
15181)

characterized 
presience 

potassium 
cheiaical

in
may

!L8



CONCENTRATION, IN 
MILLI EQUIVALENTS PER LITER

CATIONS 

5 0
ANIONS 

5 10

1 1 1 1 1
Mill

Mill
Mill

Well 
Number

Date of
Sample

(mo/d/yr)

Specific
Conductance

(microsiemens per
centimeter at 25° C)

Depth of screen zone
below water table
of November 1983

(in feet)

73811 06/25/85 57 24-29

73790 06/28/85 53 9-12

73801 06/14/85 294 3-6

0)
to
2 < 
o

"55

73797 08/21/84 52 9-12

76409 08/21/84 36 50-54

76410 08/21/84 47 74-78

77637 06/25/85 72 199-204

77638 06/26/85 79 210-215

Figure 8. Background concentrations of major ions in ground water 
in study area. (Weit Locations are shown in fig. 7.)
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Table 4* Results of chemical analyses

[Modified from Dvlrka and 
per liter; /ig/L, mlcrograms

Bartllucci,

of wastewater from a disposal basin

, 1981. mg/L, milligrams 
per liter; < less than.]

Physical properties and 
inorganic constituents

Value 
(in mg/L 

except as 
noted) Organic compounds

Value 
(in tfg/L)

Specific conductance 793 /iS/cm
pH 6.0 units
Total solids1 10,568
Dissolved solids1 1,216
Total alkalinity 428
Chloride 72
Sodium 130
Sulfate 47 
Total Kjeldahl nitrogen 135
Calcium 42
Iron 49
Lead 0.7
Manganese 1.5
Potassium 27

Benzene 2
Bromoforra <1
Carbon tetrachlorlde <1
Chlorodlbromomethane <1
Chloroform <2
Bromodlchloromethane <1
Methylene chloride 11
Tetrachloroethylene 80
Toluene 300
Trlchloroethylene 14
1,1,-Dlchloroethylene <5
1,1-Eilchloroethane .8
1.1.1.-Trlchloroethane 44
1.1.2.-Trlchloroethane <5
1,2-IHchloroethane <5
1,2-Dlchlorobenzene 20
1,4-Dlchlorobenzene 27

1 Number of samples analyzed for dissolved and t.otal solids was unequal.

Upper Glacial Aquifer

Dissolved-solids concentration.--Dissolved
related physical property of specific 
delineate zones where ground water has 
Braids, 1980; Wexler, 1988a). At the 
quality has generally less than 50 mg/L 
affected by road salting. Wells 
considered to be part of a plume of 
samples contained dissolved-solids co 
dissolved-solids concentration of ambient 
generally less than 50 mg/L, whereas 
than 100 mg/L; this makes dissolved-sold 
for locating the plume at this site, 
dissolved solids and specific conductance 
conductance a useful field test for 
measured directly at the well site.

downgradient 
leachate- 
ncemtratipns

The

The ranges of concentrations of se 
the effects of leachate and at wells 
through use of box plots. These diag

20

-solids concentration and the 
conductance often can be used to
been contaminated by wastes (Kimmel and 

Mcmorvili.e site, background water
of dissolved solids, except when it is

from the facility were 
-influenced ground water if their

s greater than 50 mg/L. The 
ground water near the site is 

t of the plume is generally greater 
ds concentration a useful indicator 

direct relationship between 
(Hem, 1985) makes specific

Solids because it is easilydissolved

lected constituents at wells showing 
showing no effects can be compared 
ranis are c.escribed by Chambers and others



(1983). Box plots illustrate the distribution of values within a group by 
showing the samples' median concentration and interquartile range and also 
indicate the concentration at 1.5 times the interquartile range and the 
concentrations of outliers. Comparison of the box plots for contaminated 
samples with those for uncontaminated samples generally reveal a marked 
difference.

A box plot showing the range of dissolved-solids concentrations in 
samples from wells screened in the plume and In water outside the plume is 
shown in figure 9. The median value of dissolved-solids concentrations for 
background wells is 23 mg/L, which contrasts markedly with the 190-mg/L value 
for wells affected by the plume; also, the values for background wells are 
more closely grouped than those for affected wells. The two outliers in the 
background well box plot are from well S73801, which Is affected by winter 
road salting. The wider range of dissolved-solids concentrations within the 
plume probably is due to longitudinal dispersion, discussed farther on.

Maps showing concentrations of dissolved solids at three depths in the 
upper glacial aquifer are shown in figure 10; the concentrations of dissolved 
solids at wells along longitudinal section C-C f in June 1985 are shown In 
vertical section in figure 11. The concentrations in figures 10 and 11 
indicate that the plume extends to about 4,700 ft south of the facility's 
southern border.

Figures 10 and 11 show that the plume reaches its greatest length in 
deeper parts of the aquifer. Dissolved-solids concentrations decrease 
downgradient from the site through dispersive mixing with unaffected ground 
water. The increase in dissolved-solids concentration with depth In 
downgradient well clusters (fig. 11) indicates that the high vertical
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gradients that resulted from water-table 
wastewater to move downward before ente 
beyond the site during disposal operatio 
precipitation enters the aquifer at the 
dilutes the uppermost ground water and 
water above the contaminated layer. The 
contaminated and uncontaminated water may also 
movement of the plume (Kimmel and Braids, 1980).

,500
Figure 12 shows dissolved-solids 

section through the plume 1,400 to 1, 
southern border. Well cluster J, about 
flowline of the plume, does not show 
lateral spreading of the plume, indicat 
solids concentrations between clusters 
width is similar to that of the facility about 1,300 ft.

mounding beneath the basins caused 
ing the natural horizontal flow field 
ns. In addition, fresh recharge from 
water table, where it displaces and 
thereby forms a layer of uncontaminated 
difference in density between

play a role in the downward

concentrations along a transverse
ft do'wngradient from the site's 

100 ft east of the bounding eastern 
contamination. The lack of significant 

ad by the difference of dissolved- 
and J, indicates that the plume's
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The dissolved-solids concentrations plotted on the maps in figure 10 and 
in section D-D f in figure 12 indicate that the alignment and configuration of 
the facility and the position of the various wastes within the site have 
affected ground water to differing degrees. Wells along the central longitu 
dinal flowline C-C f are downgradient of wastewater basins and solid-waste 
landfill areas, whereas the western part of the facility consists mostly of a 
solid-waste landfill. The ground-water plume emanating from the latter area 
tends to be lower in most constituents than the part emanating from the waste- 
water basins. Geophysical data from the site (Mack and Maus, 1987) also 
indicate the plume to be slightly asymmetric with higher terrain conductivity 
(a measure of ground water's specific conductance) and greater downgradient 
movement in its eastern part, which is associated with the area containing the 
basins and solid-waste landfill. The geophysical survey was useful in 
estimating lateral boundaries of the plume.

Characteristics and extent of contaminated ground water.--In June 1985, the 
plume extended 4,700 ft downgradient from the disposal facility and was about 
1,300 ft wide 1,200 ft south of the site's south border. Chemical analyses of 
samples from wells that intercept the plume showed concentrations of most 
inorganic chemical constituents to be above background levels (appendixes 1A 
and IB, at end of report). Box plots of major constituents (fig. 13) 
illustrate the contrast between the plume and background water.

Stiff diagrams of samples from wells along section C-C f (fig. 14) show 
that bicarbonate, determined from total alkalinity, is the predominant anion 
in most of the plume. The Stiff diagrams and data from appendix 1 show that 
sodium, calcium, iron, ammonium, and magnesium are the predominant cations. 
These diagrams illustrate the contrast between major-ion concentrations in the 
plume and those in adjacent unaffected ground water. Note that the first well 
(S73811) is hydraulically upgradient from the site and therefore is 
representative of background ground-water quality.

The maximum concentrations of most major constituents during the two 
sampling periods (August 1984 and June 1985) were at wells within 500 ft of 
the southern border of the facility. In August 1984, the maximum values of 
specific conductance and nine inorganic constituents (see appendix 1) were in 
samples from two wells inside the facility (S73792 and S73793). In June 1985, 
the maximum values of specific conductance and nine inorganic chemical 
constituents (see appendix 1) were in samples from wells at cluster D, which 
was installed 400 ft south of the facility during March 1985.

Constituents that were detected in concentrations at or above New York 
State recommended guidelines for drinking water at several wells were iron, 
manganese, nitrate, selenium, and some organic chemical compounds. Dissolved- 
solids concentrations exceeded the guidelines (500 mg/L) in five wells within 
500 ft of the south border of the facility.

The synthetic organic chemical compounds that were detected in the ground 
water (appendix 3) probably originated from the disposal-site wastes. The 
concentrations and distribution patterns of organic compounds detected along 
flow line C-C f differ widely. Chlorobenzene, detected in 11 wells, was the 
most commonly found volatile organic compound. Chlorobenzene was detected 
above the drinking-water standard in wells as far as 2,760 ft from the site 
and may indicate contamination from the sewage-disposal basins. With the
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exception of 1,2-dichlorobenzene in 
well, and 1,4-dichlorobenzene in two 
compounds were not detected in the six 
Polychlorinated biphenyls were not

three wellis, 1,3-dichlorobenzene in one 
wells, aciid- and base/neutral-extractable 

wells selected for these analyses. 
in> these six wells.

as indicated in figures 10,

detected

The spatial distribution of inorganic chemical constituents within the 
plume also changes with distance from the site 
11, 12, and 14. Dissolved-solids con< 
nonuniform manner (fig. 10) and are higher at 
clusters G and H (fig. 12). The lack of a distinct pattern among the Stiff 
diagrams of plume-water samples (fig. 14) also 
constituent distributions along the length of 
(1980), using Stiff diagrams for analysi 
noticed similar nonuniformity in plume-

5 decrease with distance in a 
wells in cluster I than at

indicates a dissimilarity among 
the plume. Kimmel and Braids

s of two Long Island landfills, 
water Quality.

The nonuniformity of water quality! within the plume results from the 
processes of advection and hydrodynamid disperjsion in a nonuniform medium and 
reflects differences among waste sourcejs--solid refuse and liquid scavenger 
wastes, unknown amounts of industrial Wastes, jthe seasonal and inconsistent 
disposal patterns, and the temporal variation lin chemical and physical 
properties of wastewater released to the basins. Although the glacial-outwash
sand is well sorted and clay layers are
on Cape Cod, Mass., a hydrologically similar area, indicates that relatively
small local geologic differences in a

minor

significantly affect solute transport (LeBlanc 
factors that may influence the distribution of

and discontinuous, recent work

uniforir." well-sorted outwash may
and others, 1987). Other 
chemical constituents within

the plume include adsorption processes and oxidation-reduction conditions.

exchange 
sediment

Adsorption processes include ion 
compounds to nonpolar surfaces. Ion 
to electrically charged surfaces of 
mobility of reactive chemical species, 
particles, but Freeze and Cherry (1979) 
quartz grains and on colloidal particles 
the upper glacial aquifer in the study 
interstitial clay are present in the Magothy 
may have a greater influence on ionic

exchange and adsorption of nonpolar
e involves the attraction of ions
grains, which influences the 

This process occurs readily with clay 
point out that it also can occur on
in deposits of sorted sand, such as 

area. iMore clay layers and
aquifer, however, and adsorption 

movement there.

Oxidation-reduction conditions.--Several chemi[cal constituents of ground water
(redox)j reactions. Factors that affect 

system include (1) availability of organic 
reaction kinetics and the ability of 

(4) availability of oxygen.

are subject to oxidation and reduction 
redox reactions in the ground-water 
material, (2) redox potential, (3) 
bacteria to mediate the reactions, and

ofBacterial metabolism (oxidation) 
agents to act as electron acceptors, 
result from the breakdown of organic 
by Stumm and Morgan (1981). Oxygen is 
bic conditions. This is followed by 
to nitrogen. Increasingly reducing conditions 
iron, and, under strongly reducing 
reduce sulfate to sulfide. From this s 
oxygen, nitrate, nitrite, ammonia, 
can be used to indicate the redox potential

orgar.ic matter requires oxidizing 
succession of redox reactions that

by subsurface bacteria is discussed 
reduced first, which results in anaero- 

dcnitrification, the conversion of nitrate
convert ferric iron to ferrous 

, certain bacteria (if present) 
equenc :, the concentrations of dissolved 
1 Kjehc.ahl nitrogen, iron, and sulfate 

of the ground-water system.

The
matter

cone itions
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Figure ±4-  Concentrations of major ions in selected we Us along Longitudinal 
section C-C'. Well S7S811 (upper left) is in unaffected area. 
(Well locations are shown in fig. 7.)
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Chemical constituents involved in 
Dissolved oxygen is the first oxidizing

redox reactions in the study area. 
agent consumed by bacteria in the

subsurface environment. Field measurements of dissolved oxygen in samples 
from wells that intercept the plume frcfm within the site to at least 3,200 ft 
downgradient (appendixes 1A, IB) are below background concentrations (fig.
15). Samples from most wells in areas 
concentrations below 2.5 mg/L, whereas
water in the shallow parts of the upper glacial aquifer have dissolved-oxygen 
concentrations greater than 9 mg/L.

The ratio of reduced nitrogen compounds 
nitrogen (organic nitrogen plus ammonia) 
(nitrate plus nitrite) shows a decreases 
of the site to mostly less than 10:1 at 
the site.

affected by the waste have
those from wells that tap unaffected

, represented by total Kjehdahl 
, to oxidized nitrogen compounds
from as high as 1,300:1 within 500 ft 
distances greater than 3,000 ft from

Maps showing the concentrations o^ dissolved iron at three depth 
intervals downgradient from the disposal facility are given in figure 16. 
Iron concentrations are highest (greater than 40,000 /fg/L) at well clusters
400 and 450 ft downgradient from the facility
from well clusters greater than 1,400 i:t south of the site.

Elevated iron concentrations in g 
from two major sources the scavenger 
naturally occurring oxidized iron coatd 
iron concentrations (49,000 /fg/L) were

z^
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>r^ 6

LU> z
o
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ound water near the site are derived 
xraste itself and the dissolution of 
ngs on sediment grains. Extremely high 
detected in liquid scavenger waste by
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Dvirka and Bartilucci (1981) (table 4, p. 20). Iron concentrations down- 
gradient from the scavenger-waste basins in the south-central and southeast 
parts of the site (fig. 16) were nearly 20 times greater than those south of 
the solid-waste landfill in the western part of the site, presumably because 
the scavenger waste contains greater quantities of dissolved iron than the 
solid waste. Below the water table in and near the site, iron in naturally 
formed iron oxide coatings on sand grains has been reduced to the soluble 
ferrous form. Evidence for this was observed in geologic samples from 
monitoring-well borings at the site, which contained sand grains from which 
the natural iron stains had been removed.

Sulfate concentrations varied along downgradient flowlines and reached 
maximum levels within 500 ft of the site.

Redox intensity in the study area. The distribution of redox-sensitive 
chemical constituents in ground water in the study area indicates a decreasing 
reduction potential with distance from the site. Reducing conditions have 
developed in and near the site to at least the point of iron reduction. The 
presence of both ammonia and nitrate in significant amounts indicates a state 
of nonequilibrium. Sulfate concentration reaches its maximum in this area, 
but its degree of reduction to sulfide was not determined.

Reducing conditions diminish through most of the area from more than 500 
ft to at least 1,500 ft from the site except in the deepest part of the 
aquifer. Dissolved iron concentrations were still elevated in the deeper 
wells at cluster H, about 1,400 ft south of the site. Absolute concentrations 
of nitrogen compounds are lower here than near the site, although the ratio of 
reduced to oxidized nitrogen remains high, generally between 100:1 and 600:1.

Nitrate concentrations increase downgradient to about 3,000 ft, possibly 
through the process of nitrification (conversion of ammonia to nitrate), and 
the ratio of reduced to oxidized nitrogen at this distance is less than 100:1.

From about 3,000 ft to the end of the plume, the ratio of reduced to 
oxidized nitrogen generally decreases to less than 10:1. Dissolved-oxygen 
concentrations remain low, although the presence of oxygen at depth may be 
influenced by several factors besides contamination.

Magothy Aquifer

Three wells screened in the Magothy aquifer were sampled in June 1985 
(appendix IB). Only one (S79231, cluster H) of the three is directly 
downgradient of the site; the two others yield water of background quality 
(fig. 8). Well S79231 contained 164 mg/L dissolved solids and elevated 
concentrations of several other constituents (appendix IB). This one sample 
suggests that the upper part of the Magothy aquifer is affected by 
contaminated ground water emanating from the site; but definition of the 
plume's extent in the Magothy aquifer was beyond the scope of this study.

Although ground-water movement in the upper glacial aquifer is primarily 
horizontal (Eckhardt and Wexler, 1986), the site is above a zone in which 
ground water moves downward to recharge the Magothy aquifer (Krulikas, 1986). 
During periods of disposal at the site, water-table mounding beneath the
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basins increased the vertical gradient, and the absence of effective confining 
beds in the upper glacial aquifer beneath the site probably allowed 
contaminated water to move into the upper part of the Magothy aquifer. The 
spread of contamination within the upper part of the Magothy aquifer may be 
slowed, however, by (1) the presence of clay beds at depth, (2) the relatively 
low hydraulic conductivity of the sediments, and (3) the greater potential for 
chemical adsorption here than in the upper glacial aquifer.

SUMMARY AND CONCLUSIONS

The scavenger-waste-disposal facility at Manorville received solid and 
liquid wastes from 1960 through 1982, when it ceased operations. The facility 
exhibits hydrogeologic and geochemical similarities and differences to the 
previously investigated landfill sites at Babylon and Islip (Kimmel and 
Braids, 1980), Cape Cod (LeBlanc, 1984), and Brookhaven (Wexler, 1988a). The 
major hydrogeologic similarity among these sites is that they are established 
in permeable, well-sorted glacial outwash deposits. This allows elongated 
plumes to develop in the direction of ground-water flow.

The U.S. Geological Survey drilled three geologic test borings and 
established an observation well network of 66 wells during 1983-85 to evaluate 
the effect of the wastes on water quality and hydrogeologic conditions of the 
upper glacial aquifer in the 0.88-mi2 study area. Ground-water samples were 
collected during August 1984 and June 1985.

The water table is in the upper glacial aquifer, which in the study area 
extends to between 180 and 205 ft below land surface and consists of 
well-sorted sand and gravel with a few thin, discontinuous clay layers that 
provide little impediment to downward flow. The upper glacial aquifer in the 
northern part of the study area is directly underlain by the Magothy aquifer, 
which contains beds of sand, silty and clayey sand, sandy clay, and clay. In 
the southern part of the study area, the upper glacial aquifer is underlain by 
a thin layer of a sandy facies of the Gardiners Clay. The hydraulic conduc 
tivity of the Magothy aquifer is locally variable but in general is lower than 
that of the upper glacial aquifer. The liquid waste-disposal operations 
caused water-table mounding beneath the site and, thus, increased the vertical 
ground-water gradient in the upper glacial aquifer from natural conditions.

The ground-water flow conditions at the Manorville facility are different 
from the other landfills on Long Island in that the Gardiners Clay is absent 
or not present as a significant restriction to vertical flow to the Magothy 
aquifer. Also, the facility is in a region with a naturally downward vertical 
flow component between the two aquifers.

Dissolved-solids concentrations have been used at other Long Island 
landfills to delineate ground-water plumes and were useful at the Manorville 
site. Water from wells unaffected by leachate have the same low 
concentrations of chemical constituents as water in relatively undeveloped 
parts of Long Island. These contrast sharply with the elevated concentrations 
in samples of plume water.
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Appendix S. Priority pollutants1 for which ground-water samples were analyzed.

Benzene
Bromoform
Carbon tetrachloride
Chlorobenzene
Chlorodibromoraethane
Chloroethane
2-Chloroethyl vinyl ether
Chloroform
Dichlorobroiaome thane

4-Chloro-3-methylphenol 
2-Chlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol

Acenaphthene
Acenaphthylene
Anthracene
Benzidine
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Benzo(a)pyrene
4-Broraophenyl phenyl ether
Butyl benzyl phthalate
bis(2-Chloroethoxy)methane
bis(2-Chloroethyl)ether
bis(2-Chloroisopropyl) ether
2-Chloronaphthalene
4-Chlorophenyl phenyl ether

A. Volat:

Dichlorodif:
1,1 -Dichloroethane
1,2-Dich:
1,1 -Dichloroethylenei
1,2-trans-Dj
1.2-Dichloropropane
1.3-Dichlor< p 
Ethylbenzem 
Methylbromif e

le organic compounds 

uoromethane

chloroethylene

iropene

Methylene chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
Toluene
1.1.1-Trichloroethane
1.1.2-Trichloroethane 
Trichloroethylene 
Trichlorofluorone thane 
Vinyl chloride

B. Acid-extr* ctable organic compounds

4,6-Dinitro 
2,4-Dinitrophenol 
2-Nitrophenol 
4-Nitrophenol

Pentachlorophenol
Phenol
2,4,6-Trichlorophenol

Base/neutral' xtractable organic compounds

Chrysene 
Dibenz(a.h)
1.2-Dichlor
1.3-Dichlor
1.4-Dichlor
3,3'-Dichlo
Diethyl phthalat
Dimethyl ph
Di-n -butyl
2,4-Dinitrot oluene
2,6-Dinitro
Di-n-octyl

nthracere
benzene
benzene
benzene
obenzidijne

e
halate 

p hthalatej

oluene 
phthalatel 

bis(2-Ethylhexyl) phthalate 
Fluoranthen 
Fluorene

Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
IndenoC1,2,3-cd)pyrene
Isophorone
Napthalene
Nitrobenzene
W-Nitrosodimethylamine
W-Nitrosodiphenylamine
W-Nitrosodi-rj-propylamine
Phenanthrene
Pyrene
2,3,7,8-Tetrachlorodibenzo-
^-dioxin 

1,2,4-Trichlorobenzene

Priority pollutants are constituents liste 
pollutants (Keith and Telliard, 1979, p. 4

in the EPA list of 129 priority 
8.)
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